This study analyzes the variations in trace element contents and ratios, the distribution patterns of rare earth elements, and the sedimentary environment and its evolution in the Early Ordovician. In particular, the analysis is based on measured section of the Qingjiang Village located in Nangao Town, Danzhai County, Guizhou Province. The analysis also considers thin sections and the characteristics of C, O isotopes. The lower part of the Tongzi Formation has a simple lithology and mainly consists of light gray to gray thin-medium bedded muddy dolomite and dolomicrite with a few dolarenites and dolorudites. The upper part of this formation includes gray thin-medium bedded fine crystalline dolomite and gray massive bioclastic limestone. Only a fraction of gray massive fine crystalline limestone, sparry calcarenite, and calcirudite are on top of the upper part. The Honghuayuan Formation is generally composed of light gray to gray medium-thick bedded or massive bioclastic limestone, reef limestone, and calcarenite with a few sandstones at the bottom. The δ
Introduction
The Early Ordovician section in the Qingjiang Village of Nangao Town in Danzhai County, Guizhou Province shows clear stratigraphic boundaries (Figure 1 ), complete layers, reliable depositional marks, and abundant fossils. This section is an excellent carrier of the sedimentary environment evolution in southeast Guizhou and partially reflects the Early Ordovician tectonic evolution of South China. During the Palaeozoic Era, southeast Guizhou and its peripheral areas indicated a strong potential for hydrocarbon [1] - [9] . As an important marine stratum, the Lower Ordovician features desirable reservoir properties. In the section under study, the outcrop fractures and dissolved pores are filled with bitumen. To gain further insights into reservoir development characteristics and strengthen petroleum geology research by exploring the basic issues related to reservoir formation and the potential of marine oil and gas exploration in the south, we must clarify the characteristics and evolution of the sedimentary environment. Biostratigraphy researches, such as trilobites, corals, conodonts and so on, are conducted in the Early Ordovician of Guizhou Province [10] [11] [12] [13] [14] . The paleogeography of Tongzi Formation and Huanghuayuan Formatin is also reconstructed in Guizhou Province [15] [16] . Little research on paleoenvironment by applying trace elements is done. Therefore, this study discusses the Early Ordovician paleoenvironment, including paleoclimate, paleosalinity, paleowater depth, paleoxygenation facies, and its evolution in the Danzhai region of Guizhou on the basis of petrology characteristics and by synthetically using C, O isotopes and trace elements.
Regional Geological Conditions
The Early Ordovician in South China belongs to the passive continental margin stage. A suit of giant carbonate rock wedge develops along the continental margin [17] [18] [19] [20] . The Lower Ordovician vertically displays an upwarddeepening transgressive sequence. Danzhai, Guizhou lies in the upper Yangtze region on the border between the Qiannan Depression and the Jiangnan Uplift ("Qian" is the shortened term for Guizhou Province). The Lower Ordovician is well exposed and can be divided into the Tongzi and Honghuayuan Formations in the vertical context [21] (Figure 2 ). This part is in conformable contact with the underlying Loushanguan Formation, which belongs to the Upper Cambrian, and with the overlying Dawan Formation, which belongs to the Middle Ordovician ( Figure 2 ). Geological map of Nangao that shows the location of the study section [22] 
Sample Collection, Test, and Data Validity Analysis
The Lower Ordovician section in the Qingjiang Village of Nangao Town in Danzhai County is geographically located at 26˚24'21" north latitude and 107˚48'55.3" east longitude and has a thickness of 267.53 m. Field survey indicates that the Tongzi Formation is mainly composed of light gray to gray thinmedium bedded muddy dolomite, dolomicrite, fine crystalline dolomite, and massive bioclastic limestone; it is divided into 23 layers (Figure 2 ). The Honghuayuan Formation principally includes light gray to gray medium-thick bedded or massive bioclastic limestone, reef limestone, and calcarenite with a few sandstones at the bottom; it is divided into 24 layers (Figure 2 ). In this study, 10 samples are collected from the Tongzi Formation, and another 10 samples are collected from the Honghuayuan Formation. The thin sections of the samples are ground, and the carbon and oxygen isotopes and trace elements are determined (Table 1) . These geochemical samples are processed and tested with an ELEMENT XR plasma mass spectrum analyzer in a test research center at the Nuclear Industry Geological Institute, Beijing.
The contents of isotopes and trace elements are related to the sedimentary environment, lithology, terrigenous clastic content, and diagenesis [23] . The chemical compositions of carbonate rocks are influenced by diagenesis when their δ 18 O PDB values are less than −11‰ [24] . Derry et al. [25] argue that dolomitization is not a precondition of carbonate rocks that are unaffected by diagenesis. The δ 13 C values of carbonate rocks represent carbon isotope contents at the Proto-Oceanic level when their δ 18 O PDB values are more than −10‰ [26] . These carbon isotope contents are associated with sea level changes and vary between −5‰ and 5‰.
The rock samples in this study are mainly gray thin-medium bedded muddy dolomite and dolomicrite and light gray to gray massive bioclastic and reef limestones. The Pr/Pr* ratios of the Lower Ordovician samples are greater than 1, whereas the Ce/Ce* ratios are less than 1. As such, the influence of terrigenous clasts on the research samples is ruled out. The samples have positive and negative δ 13 C PDB values, most of which are negative and range from −1.60‰ to 0.50‰. The negative δ 18 O PDB values of the samples only vary between −9.00‰ and −2.00‰. This observation indicates that the carbonate rocks may have undergone burial diagenesis ( Figure 3) and not dolomization. To reflect the sedimentary 
Petrologic Characteristics
The lower part of the Tongzi Formation of the Qingjiang profile has a simple li- 
Distribution Patterns of Rare Earth Elements
The maximum and minimum values of the total rare earth elements (∑REE) are By contrast, when these ratios are greater than 5.0, the climate is dry [27] 
Paleosalinity
The sedimentary environment of the Early Ordovician was generally a marine environment. Moreover, the salinity from the sedimentary period of the Tongzi proposed by Keith et al. [29] is commonly adopted to quantitatively determine the salinity of paleowater. The B/Ga mean ratio of the Tongzi Formation is higher than that of the Honghuayuan Formation. B is common in marine sediments, whereas Ga generally exists in freshwater sediments. Thus, the B/Ga ratio is high in marine sediments.
Wang Yiyou et al. [32] consider that the B/Ga ratios of terrestrial sediments, marine sediments, and transitional facies sediments are generally less than 3.0 to 3.3, more than 4.5 to 5.0, and between the first two ranges, respectively.
The brachiopods and crinoids in the Lower Ordovician also indicate a marine environment.
Paleowater Depth
During 
Paleoxygenation Facies
The sedimentary environment during the Early Ordovician was generally oxygen-deficient. Nonetheless, the reducibility of the sedimentary environment was Formation is lower than that of the Honghuayuan Formation, thus indicating a reducibility enhancement. Bai Daoyuan et al. [42] assert that the (Ce/La) N ratio denotes an oxidative, an oxygen-deficient, and a reductive environment when it is less than 1.5, when it ranges from 1.5 to 1.8, and when it is more than 2.0, re- 
Conclusion
As indicated by the combination of its petrologic and geochemical characteristics, the lower part of the Tongzi Formation might have been formed from an evaporite platform into a restricted one, where the climate was dry, the water depth was shallow, and the oxygen was deficient. The upper part of this formation was assumed to be deposited in an open platform, which featured a humid climate and increased water depth and reducibility. During the sedimentary pe-riod of the Honghuayuan Formation, the water energy further increased, the climate became humid, the water depth was great, and the reducibility increased.
The sedimentary environment, which originally comprised littoral facies that slowly developed into an open platform and into a platform marginal bank, gradually evolved into a platform marginal reef. Petrologic features are the foundation. Compared with them, some geochemical indicators may be more precisely. Though influenced by provenance, diagenesis and so on, some indicators are more reliable and are suggested to be emphasized.
